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ALLOYED OILS* 


By R. D. STREETON (Fellow) + and 


In 1937 Maverick and Sloane wrote 
“a crankcase oil of the future should be 
made with the same precision and under- 
standing that metallic alloys are made 
to-day,” and they went on to say “for 
certain uses there is no doubt but what 
synthetic materials will compose the 
complete lubricant”. 

The questions to be considered now 
are whether this 13-year old prophecy 
has in fact been borne out and whether 
any developments will modify this out- 
look. To help in understanding where 
we are going, the path traversed in 
teaching the present state of knowledge 
should be reviewed. In so doing it can 
be shown that Maverick and Sloane's 
forecast has been amply fulfilled and 
that the lubricating oil industry, with 
the aid of chemical additives and of 
synthetic lubricants, can meet the most 
exacting requirements demanded of it. 


* An address given to the London Branch 
of the Institute on May 23 1950. 


+ Anglo-American Oil Co. Ltd. 


A. C. MAUCHAN (Associate Member) + 


It is difficult to trace the first intro- 
duction of an additive to a lubricant but 
it was certainly prior to the use of 
petroleum oils, for during the fatty oil 
era inventors were striving to produce 
superior lubricants by artful com- 
pounding. Listen, for example, to 
Michael Joseph John Donlan in 1848: 

“I take the following ingredients in 
the proportions herein described, namely: 
First, I take the green leaves of the 
vegetable substance called laurel; second, 
I take the green leaves of the vegetable 
substance called ivy; third, I take the 
oxymuriate of mercury; fourth, I take 
subnitrate (or trisnet) of bismuth; fifth, 
I take sulphate of copper; sixth, I take 
sulphate of zinc; seventh, I take tartar- 
ized antimony; eighth, I take pulverized 
Roman alum; ninth, I take Greenland or 
southern whale oil; tenth, 1 take Gallipole 
or olive oil; eleventh, I take sperm oil; 
twelfth, I take palm oil; thirteenth, I 
take the vegetable substance called 
caoutchouc; fourteenth, I take brown 
soap common; fifteenth, I take minium; 
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sixteenth, I take white pepper; seven- 
teenth, I take ceruss; eighteenth, I take 
common salt; nineteenth, I take pow- 
dered alum. N.B. Black lead and celestial 
blue in powder, are used to colour No. 3 
compound.” 

Mr Donlan then solemnly describes 
in great detail the shape and form of the 
laboratory and equipment which should 
be used in the manufacturing process. 
“This combination,” explained Donlan, 
“should be placed in an iron vessel called 
Papin’s digester (competent to hold 2 
gallons) into which I also place four 
quarts of water at 1\10°F. JI then agitate 
the whole (with a brush having a handle 
about twelve inches in length) for the 
period of 3 minutes. A_ strong finely- 
perforated copper vessel 4% inches in 
diameter and 10 inches in length is also 
required. In it is firmly secured a small 
door to which is added a lock and key.” 
Finally, the author warns that “care 
must be taken in paying attention to these 
instructions for manufacturing this com- 
pound, else it will kill the superintendent”. 

However, it was only four years later, 
in 1852, that a patent issued to George 
Hutchison of Glasgow stated that to 
impart to common oils a degree of 
fluidity equal or superior to that of 
sperm oil it is necessary to mix with 
them some portions of an oleate posses- 
sing a still higher degree of fluidity than 
even the oleate of cotyle. It was 
claimed that the oleate of the oxides of 
ethyle, methyle, and of the bases of the 
other alcohols, possessed this quality. 
This seems a most striking anticipation 
of the ester compounds employed to-day. 

And yet in the same year Dennison 
and Peel patented their new lubricating 
compound which was prepared by 
boiling seaweed in water and extracting 
the jelly for admixture to Gallipoli olive, 
rape, whale, and other oils. 

In America, too, fanciful compounds 
were finding their way to the Patent 


Office. S. M. Mott in 1861 offered 
industry “a superior lubricator for 
machinery prepared by adding salt, 


saltpetre, unslaked lime, bar soap, and 
water to rock oil or mineral oil”, 
Similarly, a composition patented by 
Taylor in 1865 consisted of a lubricating 
oil containing sulphur, and, believe it or 
not, emery powder. Nor apparently 
was the distaff side backward in claim- 
ing inventions of a like nature, for in 
1886 Catherine Fink of Baltimore 
produced a lubricating compound con- 
sisting of a mixture of animal, vegetable, 
or mineral oils with lime-water, French 
chalk, muriate of ammonia, carbonate 
of ammonia, bicarbonate of potash, 
boreate of soda, and sulphur. One 
wonders whether there was a Mr Fink 
on whom similar experiments of a 
culinary nature were tried out and if so 
whether it was necessary to add bicar- 
bonate of soda. 

Yet, to the credit of the early inventors 
must be quoted patents which are still 
reflected in modern methods. Such are 
Hendrik’s patent issued in 1862 covering 
the use of petroleum oils to which were 
added mixtures of fatty oils and sulphur, 
and his patent of 1869 which describes 
the use of lead soaps of whale oil in 
lubricants. 

So much for the pioneers of additive 
manufacture. Their formulations were 
perhaps coloured more by their imagina- 
tions than by any understanding of the 
basic problems involved, but it is 
remarkable how closely some of the 
additives in common use to-day are 
related to these early inventions. During 
this time, however, studies of a more 
fundamental nature had not been 
neglected. Starting with the classical 
experiments of Beauchamp Tower in 
1883, the work of Osborne Reynolds, 
Sommerfeld, Langmuir, Hardy and 
others prepared the way for the com- 
mercial application of oiliness agents of 
a precise nature in the Germ process of 
1920 in which small amounts of free 
fatty acids were incorporated into 
lubricating oils. 

In this period large numbers of other 
lubricating compositions were devel- 
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oped. Through the use of these so- 
called “compounded oils in’ which 
sulphur, various types of soaps, fatty 
oils, and treated fatty oils were widely 
used as compounding agents, significant 
advances in practical lubrication were 
made. Most of these developments 
concerned lubricants for industrial 
machinery and steam engines, whereas 
the lubricating requirements of the early 
internal combustion engines were not 
regarded as critical and could be met 
adequately by the oils provided by the 
conventional refining processes of that 
time. 

There is little doubt that the property 
which early inventors were striving to 
enhance was oiliness. Having regard to 
what was termed the unctuosity of fatty 
oils with which engineers had hitherto 
been familiar, this was not unnatural. 
It was, too, a most important property 
in those pioneering days when clear- 
ances between moving parts were not 
always uniform and higher viscosity 
mineral oils were in common use. To 
some extent the earlier concept of 
oiliness included what we now call “film 
strength” or “extreme pressure” proper- 
ties and may have even been confused 
with viscosity. It was not until after 
1920 that the rapid advances in internal 
combustion engine design caused in- 
dustry generally to become aware of 
other important characteristics. 

Meantime, mention must be made of 
other significant processes developed 
before the first world war in Edeleanu’s 


TOTAL BRITISH 
PATENTS 


TOTAL PATENTS 
ADDITIVE PATENTS 


YEAR 


Fig. 2. 
Comparison of total British patents of all types 
and lubricant additives of all types. 


method of solvent extraction and 

ergius’ discoveries in hydrogenation. 
Then, in 1925, Fischer and Tropsch 
published their account of the work they 
had done on the synthesis of aliphatic 
hydrocarbons from coal. 

To keep pace with engineering pro- 
gress after 1920, solvent refining and 
hydrogenation were introduced com- 
mercially but it was found that increas- 
ingly drastic refining did not necessarily 
produce correspondingly improved 
lubricants. Indeed. heavily solvent 
refined or what might be called “ultra- 
refined”’ oils were found to be decidedly 
lacking in certain properties and this 
helped to open the door to chemical 
additives on a commercial scale in the 
1930's. 


ADDITIVES 

In the U.S.A. the issue of patents on 
additives rose from 7 in 1930 to 138 in 
1944. This increase was relatively 
greater than that of all other patents 
in the same period. Compared with 
other types of patents, the issue of 
additive patents in the U.S.A. was not 
perceptibly affected by the war whereas, 
in Britain, all types of patents were 
affected to about the same extent. In 
Britain the issue of additive patents in 
1934 was 34 compared with 56 in 1949. 

It is noticeable that throughout the 
history of the development of additives, 
some types were designed to meet 
specific requirements, but a_ greater 
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number appear simply to have been 
evolved in attempts to improve lubri- 
cant quality in general. 


Pour Point Depressants 

Pour point depressants and viscosity 
index improvers belong to this latter 
group. The need for oils which would be 
suitable for operation in cold climates 
was apparently visualized as early as 
1879 when a patent application was 
filed claiming the use of chloroform in 
mineral oils to render them more fluid 
at low temperatures. This was probably 
an effort to obtain an oil of reduced 
viscosity at low temperatures rather 
than oils of low pour point. However, 
it was soon realized that the use of a 
pour depressant could possibly reduce 
or even eliminate refinery dewaxing and 


20% 
ADDITIVE-TREATMENT VS DEWAKING —EFFECT ON vi 


Fig. 4. 


Fig. 5. 


20 patents covering various types ot 
pour depressant were issued in the 
U.S.A. between 1920 and 1930. 

None of these inventions was com- 
mercially effective and the so-called 
“total” dewaxing remained in use until, 
in 1930, the discovery of the well-known 
hydrocarbon wax-naphthalene conden- 
sate reduced the necessity for excessive 
dewaxing. Not only does the use of this 
type of pour depressant effect an 
economic saving in processing, but the 
quality of the oil is improved by the 
retention of wax which promotes high 
viscosity index and oxidation stability. 


Viscosity Index Improvers 

Lubricating oil quality was further 
advanced by the development of vis- 
cosity index improvers which first began 
to appear about 1928. The first prac- 
tical V.Il. improver, a polybutene, was 
offered -commercially in 1934 and a 
steady increase in patent § activity 
followed. The practical advantages 
deriving from the use of V.I. improvers 
in oils are a notable improvement in 
cold starting characteristics and in oil 
consumption. 


E.P. Additives 

In 1926 the Gleason Works cut the 
first hypoid gear and the Packard Motor 
Car Company promptly took advantage 
of the new design to produce their 1926 
model with a lower frame. The hypoid 
gear combines the advantages of the 
worm gear and the spiral bevel gear in 


352 


t 
t 
e 
\ 
I 
\ 


\ 
\ / 
ob / | 
? a. 
r A j 
g 
al 
lc 
rm 
n 
n 
P 
Ss 
a 
i 
= 


GRAPHS SHOWING THE EFFECT 
INCREASING THE OF AN OF 
THE USE OF vi ImPROVER 
ON SUMPTION AND COLO 


STARTING PERFORMANCE 


79 80 90 120 
VISCOSITY INDEX 


Fig. 6. 


giving silent running, lower gear ratios, 
and greater efficiency together with a 
lower drive shaft which permits the car 
to have a level floor without any serious 
reduction in ground clearance. The 
lubricant in a hypoid gear must be 
capable of withstanding pressures of 
nearly 200 tons to the square inch and 
rubbing velocities in the region of 180 
m.p.h. These are conditions no mineral 
oil can withstand without being fortified 
with an extreme pressure additive. 

The additives introduced for this 
purpose included lead soaps and active 
sulphur of the type patented as long as 
80 years ago. Additives of this nature 
are still employed and synthetic chem- 
icals have also been developed for the 
purpose. As the use of hypoid gears is 
becoming increasingly prevalent to-day 
there is a corresponding increase in the 
employment of extreme pressure ad- 
ditives in gear lubricants. Thus, in 
contrast to pour point depressants and 
V.I. improvers which were evolved by 
refiners to improve lubricant quality 
generally, E.P. additive development 
was accelerated by the pressure of 
demands outside the petroleum industry. 


Oxidation Inhibitors 

The importance of inhibiting lubri- 
cating oil oxidation also became appar- 
ent in the 1920's and the first patent of 
this type for transformer oils was filed 
in 1923. In 1927 a comprehensive study 
of oxidation inhibitors for highly 


Fig. 


refined oils was published by Haslam 
and Frolich, who showed that certain 
metals commonly encountered in indus- 
trial equipment, such as copper and 
iron, were promoters of oxidation and 
that nitrogen compounds such as phenyl 
alphanaphthylamine were effective in- 
hibitors. These additives were used 
mainly as turbine and transformer oi) 
anti-oxidants, and have also found 
application in hydraulic, spindle, and 
instrument oils and even in greases. 
The first commercial turbine oil con- 
taining an inhibitor was a white oil 
marketed in 1929. 

It was not until 1935 that oxidation 
inhibitors were developed for motor oils. 
Ultra-refining, hotter running engines 
and the introduction of alloy-type 
bearings led to heavy corrosion prob- 
lems. A specific instance was the trouble 
experienced from corrosion of the 
cadmium-silver bearings fitted to the 
1936 Pontiac engine when _ solvent- 
extracted oils were used. There has 
subsequently been an increase in the use 
of alloyed bearings to withstand grow- 
ing power output of engines. This is 
reflected in the rise in patent applica- 
tions for motor oil anti-oxidants in the 
U.S.A. from 8 to nearly 60 yearly. 


Detergents 

About this time the powerful Cater- 
pillar diesel engine was found to develop 
excessive ring sticking when lubricated 
with straight mineral oils. Although 
motor oils containing additives of the 
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detergent or anti-ring sticking types had 
been marketed as early as 1927, it was 
not until the need to combat ring 
sticking in the Caterpillar engine became 
pronounced in 1936 that detergent oils 
really made themselves felt on the 
market. In the following year the first 
commercial detergent additive, a metal 
soap, was offered to the petroleum 
industry. 

Metal soaps have certain disadvan- 
tages which were soon recognized and, 
in 1939, an advance was made with the 
introduction of a combined detergent- 
inhibitor containing oil-soluble organo- 
compounds other than soaps. In 1940 
the first all-purpose heavy duty additive, 
a synthetic detergent inhibitor contain- 
ing barium and sulphur, was made 
available to industry. The increase in 
the number of detergent additive 
patents issued in the U.S.A. between the 
years 1937 and 1944 was accelerated 
rather than retarded by the war and 
more than 70 were filed in 1944. The 


rapid growth in the development of 


H.D. oils in recent years was largely due 
to their successful use by the allied 
land, sea, and air forces during the war. 

The relatively greater increase in the 
issue of detergent additive patents in 
the U.S.A. between 1930 and 1944 com- 
pared with the other patents demon- 
strates the increasing importance of this 
type of additive. In the U.K. the issue 


of motor oil additive patents compared 
with other additive patents between 1934 


and 1949 has 
proportion. 

The upsurge in the demand for motor 
oil anti-oxidants and detergents due to 
the increasing power output of the 
internal combustion engine has resulted 
in a consumption of these additives 
equal to about 60 per cent of the con- 
sumption of all additives. Extreme 
pressure additives, pour point depres- 
sants, and viscosity index improvers 
account more or less equally for another 
35 per cent, with miscellaneous additives 
filling in the balance. 


varied in the same 


REFINING 

With this range of addition agents 
available to them refiners and blenders 
are no longer dependent on any par- 
ticular crudes to produce oils to meet 
specific quality needs. Nor is the 
refining process necessarily of critical 
importance: indeed some of the proper- 
ties required by modern machines 
cannot be realized by any known 


refining method and for these the use of 


additives or of synthetic oils or both 
has become indispensable. Further, 
by using additives a blender can pro- 


duce lubricants having combinations of 


properties which could not co-exist in 
mineral oils. 

Another aspect of precision blending 
is that of base-stock response or the 
behaviour of the lubricating oil under 
additive treatment. Not all oils respond 
to a given additive to the same degree 
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and consequently due regard must be 
paid to this characteristic in manufac- 
turing lubricants. When additives are 
employed to improve engine perform- 
ance the correct treatment must be 
determined by tests in the engine. 

This is no place to discuss engine 
testing but reference should be made to 
the fact that high quality lubricants are 
no longer assessed solely by the simple 
physical characteristics judged adequate 
only a relatively few years ago. Engine 
designers are demanding more dis- 
criminating methods of appraising lubri- 
cants and more and more specifications 
lay performance standards 
measured by actual or simulated field 
tests. 

The economic consequences of pre- 
cision blending are no less important 
than the technical. Mention has already 
been made of the fact that desirable 
constituents of an oil may be removed 
or, what amounts to the same thing, 
undesirable characteristics may be im- 
parted by ultra-refining.”” There is also 
the very practical objection that ultra- 
refining reduces yields and raises costs. 
There is, therefore, an economic ceiling 
to the extent of refining permissible in 
a given oil for it is frequently less costly 
to reach the desired standard of quality 
by the use of additives. 

The refinery process is thus rendered 
more flexible by the use of additives and 
to-day additive-treatment is quite prop- 
erly regarded as an integral part of the 
manufacturing process. Truly can it be 
said that the petroleum industry relies 
on additive treatment in much the same 
way that the steel industry turns to 
alloys for toughened steel. 

The necessity to provide the pet- 
roleum industry with its requirements 
of chemical additives has brought about 
the dramatic growth of an industry 
within an industry—the additive busi- 
ness—which was scarcely heard of when 
Maverick and Sloane made their fore- 
cast. Additive suppliers are now 
producing annually, according to an 


additives worth 


Boehm, 


estimate by 
$35,000,000. 

The value of the lubricating oil 
business has been estimated by Egloff at 
$2000 million per year. If these esti- 
mates are correct they show that the 
cost of improving lubricants by the use 
of additives is less than 2 per cent o/ 
their total value. This is surely a low 
price to pay for the incalculable benefits 
of increased life to machines and power 
units, to say nothing of the economies 
gained in low cost production of the 
necessary lubricants. 


ADDITIVE RESEARCH 

We have already shown that this has 
not been achieved without effort. 
According to Boehm again $4,000,000 
are spent each year, on additives 
research. This means that to make 
their contribution to lubricating effici- 
ency, additive suppliers are spending no 
less than 11 per cent of their gross 
receipts on research. 

Let us see how this compares with 
other industries. In the U.K. the recent 
report on the chemical industry showed 
that 3.4 per cent of its production value 
is spent on research. The survey by the 
National Union of Manufacturers in 
America of research expenditures in 
different industries revealed the follow- 
ing research budgets expressed as a 
percentage of sales values (the five 
highest only are quoted): — 


Percentage 
of Sales 

Scientific and optical instru- 

ments, etc. 3.34 
Electrical equipment 2.80 
Printing 
Miscellaneous ... 2.2) 
Chemical 1.83 


The story of additives is thus one of 
constant endeavour but it may well be 
asked, where is it leading us? Are 
additives to remain a permanent feature 
of lubricating oil technology or is the 
additive era simply a transitional phase 
from the conventional hydrocarbon oil 
to the tailor-made synthetic lubricant? 
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additive-containing oils can be regarded lubricants such as hydraulic fluids pl 
as an outstanding landmark and Pe te ability to function satisfactorily B 
sibly the penultimate stage wd the at extremes of temperatures is of para- n 
progress to the ideal lubricant, they will mount importance. e) 
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otential importance -day they 
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have limited commercial outlets because 


ave >ver entirely supplanted, 
To all saa their high cost. It is symptomatic of 
the transitional and development stage 
lubricants—fatty oils, acid-refined and 


of these new lubricants that they are 
often blended with mineral oils or even 
employed as additives, or if employed 


solvent-refined mineral! oils, and 
additive-treated oils — are employed 
singly or together. It is true of course 


such are sometimes treated with 

that the inhibitors or other additives devised for I 
such as those for aviation turbine oils ‘mites 

demand the use of lubricants produced petroleum lubricants. : ' 

by more modern methods including . Work on synthetic lubricants has been , 

in progress in the U.K., at Birmingham W 

le University for example, and in the a 

SYNTHETIC LUBRICANTS U.S.A..for twenty years or more. But it e 

The silicone fluids and greases are was the work done in Germany, 
semi-inorganic compounds character- especially that carried out during the b 


ized by high oxidation stability and 
serviceability at abnormally high and low 
temperatures, together with remarkably 
low viscosity change over these tempera- 
ture ranges. So far they have been devel- 
oped for specific applications and are 
not intended for use where a petroleum 
lubricant is satisfactory. Employed as 
additives, silicone fluids have profound 
effects in suppressing foaming in mineral 
oil crankcase lubricants. 

Polyalkylene glycol derivatives of the 
Ucon series are interesting in their 


war, which has accelerated the post-war 
progress. The information which has 
been disclosed has not yet been properly 
assimilated and substantially increased 
quantities of synthetic oils and greases 
employed commercially can be expected 
in the near future. 

Another factor which will 
doubtedly lend a= stimulus to the 
increased use of synthetic oils is the 
impressive progress made in recent 
years in the manufacture of chemicals 
from petroleum. The production of 
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crude petroleum is so vast that only 
three per cent of it is necessary to 
provide all requirements of organic 
chemicals. With this surplus of raw 
material it can be expected that prices 
for the chemicals employed in the manu- 
facture of synthetic lubricants will 
steadily fall and since at present the 
major costs in the production of syn- 
thetic lubricants are those of the raw 
materials the costs of the lubricants will 
likewise come down. 

The ultimate in lubrication will be 
the truly synthetic product built by 
physical as well as chemical synthesis. 
But the technically ideal lubricant will 
not necessarily be the economically ideal 
except in specialized applications and 
there will always be purposes for which 
additive-treated lubricants wiil be com- 
mercially preferred even for the most 
severe duty operations. 


LECTURES ON STORAGE, 
TRANSPORT AND DISTRIBUTION 

A series of five lectures covering Oil 
Storage, Transport Distribution 
will be held at the Sir John Cass College 
at 6.30 p.m. on successive Thursday 
evenings, beginning November 9, 1950. 

Chair will be taken on each occasion 
by C. Lawrie, and the lecturers will be 
E. J. Sturgess (Shell Petroleum Co. Ltd.) 
on storage and control; J. H. Jackson 
(British Tanker Co.) on tanker opera- 
tion; A. C. Hartley, C.B.E. (Anglo- 
Iranian Oil Co. Ltd.) on pipelines; S. D. 
Colwell (Shell Mex and B.P. Ltd,) on 
road and rail transport and C. Lawrie 
(Vacuum Oil Co. Ltd.) on retailing and 
marketing. 

Fee for the course is 15s and applica- 
tion for enrolment form should be made 
to the Principal of the College, Jewry 
Street, Aldgate, London, E.C.3. 
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CHEMICAL WORKS SAFETY 
CONFERENCE 


Some 250 representatives of the 
chemical industry attended the recent 
third Chemical Works Safety Confer- 
ence organized by R.S.P.A. for the 
Association of British Chemical Manu- 
facturers. Chairman was J. Davidson 
Pratt, director of the Association. 

In his opening address Professor D. 
M. Newitt, President of the Institution 
of Chemical Engineers, underlined the 
value of introducing a study of safety 


measures at an early stage in the 
training of chemical engineers. If, 
during the various exercises which 


students undertook during their training, 
emphasis was laid on safe operations, 
and adequate consideration given to 
safety during the designing of equip- 
ment, then when they entered industry 
they would consciously seek to design 
and operate their plants in a safe way. 
He suggested that as visits by parties of 
students to chemical works had proved 
most useful in giving them an insight 
into industrial methods and equipment, 
similar visits should be arranged for the 
sole purpose of studying safety measures. 

Conference proceedings, including 
papers and discussion, and an account 
of the “Brains Trust” held during the 
Conference will be published shortly by 
the Association. 


PROSPECTING IN PAPUA 
An oil prospecting party consisting of 
eight members of Seismograph Services 
Ltd. left London by air on October 7 
to undertake operations in Papua on 
behalf of the Australasian Petroleum 
Co. (in which the Anglo-Iranian Oil Co. 
is partner with American and Australian. 
interests). Technical equipment, weigh- 
ing 2000 Ib was also transported by air. 
The Australasian Petroleum Co. 
resumed exploration work in Papua 
after the end of the war, and at present 

has three drilling rigs in operation. 
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POSITIVE DISPLACEMENT METERS FOR 
THE MEASUREMENT OF PETROLEUM 
PRODUCTS 


By J. D. 


During recent years considerable 
progress has been made in the design 
and application of positive displace- 
ment meters for the measurement of 
petroleum products. Meters of this 
type are being used to-day for a multi- 
tude of purposes, ranging from cross 
country transport by pipeline to package 
filling, for measuring fluids varying from 
heavy fuel oils to light fractions such 
as butane and propane. The oil industry 
has been continually insisting on greater 
and greater accuracy until to-day we 
have probably arrived at the state where 
the meter is at least as accurate as the 
means which are normally available for 
checking it. Accuracy in a positive 
displacement meter can usually be 
assessed by the consistency of the results 
it gives. If a meter regularly gives a 
consistent performance, that is, test 
results which are repeatable within 
close tolerances, then it may be used as 
a precision instrument. This applies 
equally whether the meter registers a 
greater or lesser volume than _ the 
volume of fluid which passes through it. 
Providing the error is consistent it can 
always be corrected by applying a 
suitable factor to the volume recorded. 

This method of correcting meter 
errors is a convenient One where meters 
are used on long distance pipelines and 
is widely used for this application, the 
main advantage being the rapidity with 
which meters may be corrected and the 
extreme accuracy. In many applications 
this method is unacceptable and it is 
necessary to adjust the meters to give 
readings which accurately represent the 
quantities which have passed through 
them within the permissible tolerances. 
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ADAMS 


Positive displacement meters are not 
in themselves instruments of absolute 
accuracy; the basis of accuracy in all 
cases is the prover tank, or other equip- 
ment, which is used for testing them. 
Consequently no meter can give results 
which are more accurate than the means 
used to calibrate it. 

Apart from mechanical failure or 
breakdown the two basic causes of error 
in positive displacement meters are 
slippage and the measurement of air or 
vapour entrained with the liquid being 
measured. Slippage, which is a term 
used to describe that portion of the 
liquid which passes through the meter 
casing without actuating the measuring 
elements, is due to several causes. These 
include general stiffness of the moving 
parts causing a high pressure drop across 
the meter with a consequent high pres- 
sure differential across the seal and 
wear which results in increased clear- 
ances between the fixed and moving 
parts. 

The amount of slippage with a given 
meter yaries with the conditions of use. 
For example, the slippage is normally 
greater with fluids of low viscosity than 
with those of high viscosity. Moreover 
the slippage varies with the rate of flow. 
It is generally found that it increases at 
both low and high rates of flow. If the 
error flow rate curve is plotted for a 
given high grade meter it will be found 
that the centre section of the curve is 
moderately flat. The limiting rates of 
flow included in this flat section there- 
fore determine the useful range over 
which the meter may be considered 
accurate and every endeavour should be 
made to operate meters within this 
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range. It must be borne in mind that no 
positive displacement meter available 
to-day can be considered accurate over 
the full range from zero flow up to its 
maximum capacity. It is therefore 
essential where accurate metering is 
desired to take steps to ensure that the 
flow rate through the meter is held 
constant within narrow limits and that 
the size of meter is selected to suit this 
flow rate. 

The exclusion of air or vapour from 
the fluid entering the meter is a problem 
which varies according to the type of 
fluid. It is normal practice to install 
so-called “air eliminators” immediately 
upstream of each meter entry. These 
usually take the form of a closed vessel 
so dimensioned that the velocity of the 
fluid passing through it is low enough 
to ensure that entrained air or vapour 
will rise to the upper part of the vessel. 
This action is sometimes augmented by 
baffles or scrubber plates which tend to 
coalesce any fine bybbles and so assist 
their removal. A float-operated air or 
vapour release valve is mounted in the 
uppermost part of the vessel and so 
arranged that it opens when a given 
quantity of air has collected and closes 
by the rise in liquid level when the air 
is expelled. The selection of a suitable 
size of air eliminator is not dictated by 
the size of the meter alone. Other 
factors which have to be taken into 
account are the maximum rate of flow, 
the viscosity of the liquid, and the 
likelihood or otherwise of large volumes 
of gas or air being carried along the line 
feeding the meter. 

Normally it is found comparatively 
easy to ensure adequate air elimination 
from low-viscosity liquids but the 
difficulty increases with a rise in vis- 
cosity. Consequently high- 
viscosity liquids have to be metered 
large-sized air eliminators are indicated. 

Where liquids such as butane or 
propane are being metered special 
precautions have to be taken to ensure 
that they do not flash off into vapour 


either immediately before or inside the 
meter casing. For this purpose it is 
usual to install a back pressure valve on 
the meter outlet which is set to maintain 
a pressure of say 10 to 15 p.s.i. above 
the vapour pressure. Thus any vapour 
which tended to form would be col- 
lapsed into liquid due to the high 
pressure. The installation of this type 
of valve also ensures that vapour will not 
be pumped through the meter by 
continuing to run the pump after the 
supply tank has run dry: a condition 
which is liable to be encountered on 
bulk lorry operation. 


Meter Calibration 

Various types of equipment are in 
use for the calibration of positive dis- 
placement meters; these include the 
volumetric prover tank, the gravimetric 
prover tank and the master meter. 

Volumetric prover tanks are probably 
the cheapest to install, are the simplest 
to use, and are particularly suited to 
meters used for low-viscosity liquids. 
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Serious errors are likely to occur if 
they are used for high-viscosity liquids 
or liquids containing sediments unless 
special precautions are taken to wash 
out the prover tank after each test with 
a suitable solvent. If the tank is not 
washed out thoroughly each time it is 
used the liquid and or sediment is liable 
to stick to the walls of the tank thereby 
reducing its apparent volume. 

Fig. 1 illustrates a design for a volu- 
metric proving tank which is suitable 
for use with the type of meter used for 
truck and rail car loading, drum filling- 
and similar operations. The principal 
requirements of a satisfactory volu- 
metric prover tank are as follows: 

(1) It must be of sufficiently robust 
construction to ensure that it will not 
suffer change of dimensions or form due 
to the load of liquid it holds and, if 
portable, due to standing on an uneven 
surface. It must be capable of with- 
standing the rigours of transportation 
without damage. 

(2) It must have a smooth interior and 
be constructed in a manner which 
ensures complete and easy drainage. 
Moreover it must not have any pockets 
or Cavities where air could be trapped 
during filling. 

(3) It must be of such a capacity that 
it will hold a volume at least equal to one 
minute’s delivery of the largest meter 
with which it is to be used. 

(4) It must be provided with a neck 
of such a diameter and length that the 
contents may easily be read to within 
0.01 per cent of its rated capacity over 
the range from 99 to 101 per cent of its 
rated capacity. 

(5) It should be provided with means 
for adjusting its capacity to compensate 
for errors in manufacture. 

The prover tank should be calibrated 
against standard certified measures of 
say 5 gallons and 1 gallon or less 
capacity, the smaller measures being 
used for the neck section. Where 
extreme accuracy is desired corrections 
should be made for any temperature 


changes in the liquid during the time 
when the tank is being calibrated. The 
tank should be calibrated wet, that is 
to say, the final check should be made 
by filling it to the highest graduation on 
the scale and withdrawing liquid into the 
standard measures. 

In use, the liquid delivered through 
the meter may be led into the prover 
tank either through the bottom valve 
or over the top whichever is most con- 
venient. In either case the tank should 
be filled once in order to wet the inner 
surfaces and to ensure that all lines are 
filled with liquid. The tank may then be 
drained through the 3-way cock and the 
first test run made. In the case of a 
meter provided with a pre-set quantity 
control device this should be set to 
deliver a quantity equal to the rated 
capacity of the prover tank. Where a 
manually controlled meter is being 
tested care should be taken to see that 
at the beginning and end of each test 
run the meter is started and stopped at 
the instant when the figure representing 
a whole number of gallons has just 
jumped into place. The percentage 
of over or under delivery may be 
read direct from the gauge glass of 
the prover tank. At least two test 
runs should be made from which 
consistent results are obtained before 
any adjustments are made to_ the 
meter. Similarly two tests should be 
made after adjustment to assess the 
final accuracy. 

Meters should always be tested under 
conditions which simulate as closely as 
possible the conditions under which they 
are normally used, particularly insofar 
as pressure, rate of flow and type of 
liquid are concerned. It is therefore 
highly desirable that they should be 
tested in situ and not removed to a 
workshop or laboratory for testing. 

It is difficult to lay down hard and fast 
rules for the frequency with which 
meters should be tested, experience 
being the best guide. 


pipeline operation, where extreme 
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accuracy is desired, tests are sometimes 
made daily. Under these conditions 
meters are being operated to-day within 
an overall error of 0.03 per cent, or 
possibly even better. In any event 
meters should always be tested when 
first installed, on a change of product, 
and on any change of operating con- 
ditions such as pressure, rate of flow, 
etc. 

Where viscous liquids are being 
metered the gravimetric or weigh-tank 
method of proving has much to recom- 
mend it. Reduced to its simplest terms 
this equipment consists of a_ tank 
mounted on a weighbridge. The size 
of the tank should be such that it will 
accommodate the flow of at least one 
minute’s duration from the largest 
meter to be tested. The weighbridge 
should be accurate to within 0.01 per 
cent of the load it has to weigh and any 
necessary connexions to the tank should 
be flexible enough to ensure that they 
will not affect the accuracy of the 
weighing. Provision must be made for 
draining the tank after each run. 

Before a recorded test run the tank 
should be filled through the meter in 
order to stabilize temperatures and fill 
all lines. The tank is then drained, 
although complete drainage is im- 
material, and the “empty” weight 
recorded together with the “‘start-of- 
run” meter reading. The tank is then 
filled from the meter and the “‘end- 
of-run”’ meter reading and “‘full’’ weight 
taken. From these readings the volume 
measured by the meter and the weight 
of product which has passed through the 
meter are obtained. It is now necessary 
to convert this weight to the equivalent 
volume at the temperature at which it 
passed through the meter. For this 
purpose a thermometer is required at 
the meter, and a sample has to be drawn 
for specific gravity determination. It is 
recommended that the thermometer 
should be a high grade instrument 
guaranteed accurate to within 4°F, and 
that the specific gravity should be deter- 


mined on a Westphal balance. For 
extreme accuracy the sample should be 
a composite one drawn from the line 
during the whole of the test run. Having 
obtained the specific gravity at the 
observed temperature it is necessary to. 
correct this to the line temperature 
recorded by the thermometer mounted 
close to the meter. This can be done by 
means of the I.P. Tables for Measure- 
ment of Oil. Furthermore the recorded 
weight of the product should be cor- 
rected for buoyancy in air as the 
Westphal balance readings give the 
specific gravity as a comparison of the 
true weights of oil and water weighed 
in vacuum. It is probably sufficiently 
accurate to establish a constant buoy- 
ancy factor per unit of volume for each 
location, using an average air density 
figure for the district. If the air 
buoyancy is neglected an error of about 
0.1 per cent will be introduced. 

The master meter method is useful 
where several meters are in use at a 
single location. By this method one 
meter is tested and corrected (either by 
adjustment or the application of a 
factor) using any acceptable means such 
as either of those described above. This 
meter is then used to test all the others 
by diverting the stream through both 
the master meter and the one on test. 
This method, which is a great time saver 
where several meters have to be tested, 
does not call for any lengthy description. 
The only precautions to be observed are 
the usual ones in taking opening and 
closing readings and the necessity of 
ensuring that the flow rate is as nearly 
as possible that at which the meter is 
normally used. 

Before making any tests it is advisable 
to run the meters on stream for a period 
long enough to ensure that all tempera- 
tures are stablilized. 


Conclusion 

Positive displacement meters are ful- 
filling a useful purpose in the petroleum 
industry and provided they are properly 
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installed and operated they compare 
favourably in accuracy with any other 
method of oil measurement. 

Under some circumstances they can 
show considerable savings in capital 
outlay by reducing tank storage to a 
minimum. For example, it is possible 
to draw oil from a given tank for loading 
at several points during the time when 
the tank is being filled, all measurements 
being taken by meters. 

It is a fallacy to suppose that positive 
displacement meters may be accepted 


* 


as accurate in the condition as delivered 
by the manufacturers and that they will 
remain accurate under a wide range of 
circumstances for long periods. The 
manufacturer can only adjust his meters 
under one set of conditions and for 
one product. It is therefore most un- 
likely that these conditions agree in all 
details with those under which the 
meters are used. Consequently, unless 
a meter is required for approximate 
measurement only, provision should 
always be made for its regular proving 
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THE APPROXIMATE CAPACITIES OF TANKS 


By PETER KERR (Fellow) 


The need for a rough but quick 
method for calculating tank capacities 
arose in the work of one of this Insti- 
tute’s groups. A cylinder D feet in 
diameter will hold about 5. D* Imperial 
gallons or 6. D> U.S. gallons per foot of 
its axial length or depth: it will similarly 
hold D* U.S. barrels in every 7 feet of 
this, and if it were 45 feet long or deep, 
it would hold about D? water-tons. 
Capacities at other depths are propor- 
tional; results are about 2 per cent too 
high, but if from each rough result so 
calculated 2 per cent of its value is 
subtracted. the remaining errors in no 
case exceed 0.3 per cent. The table 
below shows the corrections which 
should be applied to the rough results 
to obtain capacities arithmetically cor- 
rect to the nearest part in 10,000. 


Correction as 


Unit percentage of 
used rough result 
Imperial: gallons... 2.16 
water-tons 
US.: gallons 2.08 
barrels —2.08 


For water-tonnages, an alternative cor- 
rection of —1 60th gives greater pre- 
cision than the —2 per cent correction. 

As an example, a tank 90 feet in 
diameter and 35 feet high will contain 
roughly 8100 « 35.45, or 8100 «7/9, or 
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9007 or 6300 water-tons. Applying 
the alternative correction, | 60th of 
6300, or 105, should be subtracted from 
6300, this giving 6195 water-tons as the 
tank’s capacity, a result 4 water-tons or 
0.07 per cent too high. In this, as in 
the next example, the steps in the 
mental arithmetic have been given in 
full; in more complex cases, some 
figures may usefully be written down. 

Imperial gallonages may also con- 
veniently be calculated through water- 
tonnages. Each water-ton contains 224 
gallons, but as the rough result is known 
to be about 2 per cent too high, multi- 
plication by 220, or by 11 and by 20, is 
both easier and more accurate. As an 
example, the common 30ft 9ft hori- 
zontal cylinder will contain roughly 
81 « 30/45, or 81 x 2/3, or 27 2, cr 54 
water-tons. Carrying on to gallonages, 
54» 11=594; 594 « 20= 11,880 Imperial 
gallons. Results are low, but by 0.07 
per cent only. 

Applied to U.S. units, the —2 per 
cent correction gives a result within 
0.1 per cent of the true figure: the 
methods just given lead to similar 
accuracies in Imperial units. 

The author is indebted to Mr B. C. 
Ferguson for his verification of the 
formule, factors, and examples given, 
and for constructive criticism. 
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COUNCIL COMMENTARY 


The first meeting of Council after 
the summer recess was held on Sep- 
tember 13. Members heard with regret 
of the death of Mr A. G. V. Berry, who 
represented Stanlow Branch on Council, 
and all stood in silence for one minute 
as a mark of respect. 

There was a long agenda before the 
meeting but under the chairmanship of 
the President all items were completed 
by 5.10 p.m. 

London Branch are arranging a dance 
for its own members and for members of 
the Institute before the end of the year. 
This will be held at Manson House in 
the lecture theatre, which will accom- 
modate about 200 people for such a 
function. Tickets priced at 10s. each 
will probably result in a small deficit 
which, in view of all the circumstances, 
Council agreed could be made good 
from the Institute’s funds. 

Our Secretary made the pleasing dis- 
covery that three war damage claims 
which had been filed in 1940 had not so 
far been proceeded with. The matter 
had been taken up with the appropriate 
Government department and a cheque 
for £355—a welcome windfall for the In- 
stitute’s funds—has now been received. 

The Awards Committee have unani- 
mously recommended that the Redwood 
Medal be awarded to Professor F. H. 
Garner, O.B.E. This was enthusias- 
tically endorsed by Council and will be 
welcomed by our members who are 
aware of Professor Garner's outstanding 
contributions to the Institute and to the 
industry. It is suggested that the 
presentation be made in the autumn 
of 1951. 

The Awards Committee had also 
unanimously recommended that Dr 
Robert E. Wilson be approached by 
the President to enquire if he would be 
prepared to deliver the third Cadman 
Memorial Lecture and to receive the 
Cadman Medal. The approach had 


been made and Dr Wilson had accepted. 
Council again had much pleasure in 
endorsing this action. 

Dr Wilson is one of the leading 
technical men in the petroleum industry 
in America. He was director of research 
of the Standard Oil Co. (Indiana) for 
fifteen to twenty years and is now 
chairman of this company. He is a 
great administrator and amongst other 
appointments is a governor of the 
Massachusetts Institute of Technology. 
He has published much original work 
including a number of papers on 
refining and cracking. 

Dr Wilson will come to England 
about the middle of June 1951 and it is 
suggested that the subject of his lecture 
should be management and research in 
the petroleum industry. 

A great deal of discussion centred 
round the educational policy of the 
Institute. One of the objects of the 
Institute, as stated in the Memorandum 
of Association, is “to promote the 
better education and training of persons 
engaged in or intending to engage in 
the petroleum or allied industries and if 
thought fit to hold examinations, award 
certificates prizes or scholarships...”’. 
So far the Institute has not taken any 
steps to become a qualifying body. 

Some four or five years ago Council 
formed a smail committee to study the 
question of educational facilities and to 
investigate the possibility of arranging 
courses in petroleum technology of a 
somewhat higher level than the more 
or less general and elementary courses 
then available. Largely due to the co- 
operation of this Committee with the 
City and Guilds Institute various courses 
were arranged and classes are available 
at the City and Guilds of London 
Institute and at one or two other 
technical colleges. Certificates are 
awarded to those reaching the required 
level of competence. 
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It was reported to this meeting of 
Council that the wider adoption of 
such courses at technical colleges was 
being held up because of uncertainty as 
to the attitude of the Institute and of the 
petroleum industry to these qualifica- 
tions. It was difficult to obtain students 
for a course unless they could see a 
definite reward for their years of work. 
Some members of the Education Com- 
mittee were of the opinion that the 
Institute should grant the Associate 
Fellowship to those obtaining the higher 
certificate of the City and Guilds course. 
However although it was agreed that 
such a qualification would be taken 
into account it was also necessary for 
an Associate Fellow to have had some 
experience of the industry. 

Some needless complications had also 
arisen by attempts to equate these 
qualifications with a University degree. 

A lively exchange of opinions took 
place on this subject and it was even- 
tually agreed that Council should take 
no further action until it had before it 
the views of the oil companies. The 
Institute will therefore approach the 
companies and ask them to state their 
attitude to the desirability of fostering 
the present or similar examinations. 

The meeting ended on a very happy 
note. A year or so ago the widow of 
one of our members was given a grant 
from the Benevolent Fund to assist in 
the education of her son. She has now 
written to inform Council that her son 
has gained the Higher School Certificate 
and has been awarded a State Scholar- 
ship. 


xk 


**Carterex’’ Petroleum Chemicals: Latest 
additions to the series of leaflets giving 
specifications for products made by Petro- 
chemicals Ltd. cover *Carterex’’ Reagent 
Benzene, Benzene T.F. and Reagent 
Toiuene. These specifications may be 
obtained on request from the Sales Office, 
Petrochemicals Ltd, 170 Piccadilly, London, 


PERSONAL NOTES 

Robert Gillespie has been appointed 
managing director of British Tanker 
Co. Ltd., of which he was previously 
general manager and director. 

E. A. Evans, past-president of the In- 
stitute, has been elected chairman of the 
Automobile. Division of the Institution 
of Mechanical Engineers for 1950-51. 

Col. S. J. M. Auld, O.B.E., M.C., 
past-president of the Institute, has ac- 


cepted an invitation to join the Board of 


Governors of the Sir John Cass College. 


N. L. Hudson, M.Inst.Pet., retired 
from the post of Fuel Oil Manager to 
Shell-Mex & B.P. Ltd. on September 30. 
He joined Shell-Mex Ltd. in 1926 and in 
1928 was appointed assistant manager 
of the Head Office Fuel Oil Department. 
During the war he was deputy manager 
of the Black Oils Department of the 
Petroleum Board. He became manager 
of the Fuel Oil Department in 1949. He 
is succeeded by H. Cunliffe, formerls 
manager of the Birmingham Division. 

A..F. Colyer, manager of Shell-Mex 
& B.P. Ltd. Bulk Storage Department, 
retired on September 30. He joined 
Shell-Mex Ltd. in 1921 and was a 
pioneer of the kerbside petrol pump. 
In 1932 he was appointed to the post 
from which he has now retired and 
during the war was joint manager of a 
similar department of the Petroleum 
Board: 

* 


ANGLO INCREASE CAPITAL 


Authorized share capital of the Anglo- 
American Oil Co. was increased from 
£12,500,000 to £20,000,000 on Septem- 
ber 27 last. The increase is necessary 
in connexion with extensions to the 
Fawley Refinery. 


x * 


Kuwait Production: Crude oil production 
in Kuwait for the month of August 1950 
amounted to 1,482,962 tons. Total pro- 
duction for the period January 1, 1950 to 
August 31, 1950 was 10,601,565 tons. 
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AROUND THE BRANCHES 


FAWLEY, LONDON, NORTHERN, SCOTTISH, SOUTH WALES, 
STANLOW, TRINIDAD 


Scottish Branch 

Ata meeting held in the North British 
Station Hotel on October 5, Mr C. 
A. P. Southwell, M.C., President of 
the Institute, gave a talk on large- 
scale oil developments under desert 
conditions. 

Mr Southwell, who is the managing 
director of the Kuwait Oil Company, 
which has undertaken very large oil 
developments during the last three 
years in Kuwait, an Arab State in the 
Persian Gulf, indicated that oil produc- 
tion started in July 1946 and has now 
reached a rate of 1} million tons per 
month. 

In addition to the technical prob- 
lems of finding and producing oil, it has 
been necessary in this area to provide 
in the minimum of time every service 
required by a large new community 
living under desert conditions. Of the 
many problems involved, none has been 
more difficult than water as no fresh 
drinking water is available in Kuwait, 
which has a rainfall of only 34 inches per 
year. The provision of water for the 
personnel during the construction period 
and on a permanent operating basis has 
been a major operation. 

In addition, Mr Southwell indicated 
that it has been necessary to develop 
port facilities for the loading of the 
largest tankers in the world under open 
sea conditions in the stormy area of the 
Persian Gulf. Facilities have been 
provided for the loading of six large 
tankers at one time, and the necessary 
cargo berths for off-loading materials 
have also been built. The marine 
installations so constructed are of the 
very latest type and incorporate a 
number of new features. 

The Kuwait Oil Company has a 
British/American partnership, and the 
management have had the opportunity 


of receiving the best British and 
American advice in planning these post- 
war developments. Full advantage has 
been taken of the most modern practice 
both in America and in Britain. 

Mr Southwell’s talk was illustrated 
with a large number of excellent lantern 
slides which clearly showed the magni- 
tude of the operations covered at the 
new refinery at Kuwait. 

Mr J. M. Caldwell, general manager 
of Scottish Oils Ltd., in proposing a 
vote of thanks to the lecturer compli- 
mented him on the energy and skill 
which had been shown in the planning 
and execution of this large scale 
development under most difficult con- 
ditions. 

Dr G. S. Smith proposed a vote of 
thanks to Mr J. T. Guthrie, who occu- 
pied the Chair in the unavoidable 
absence through illness of Mr Robert 
Crichton. 

Over 68 members and friends attended 
the meeting. 


Trinidad Branch 

The twelfth Annual Dinner of the 
Trinidad Branch of the Institute of 
Petroleum was held on May 13, 1950, 
the guest of honour being H.E. The 
Governor of Trinidad and Tobago, Sir 
Herbert Rance. 

Mr P. E. T. O'Connor, chairman of 
the Branch, replying to the toast of 
“The Institute of Petroleum,” felt that 
they should take stock of what the men 
of the oil industry and members of the 
Institute had done for the Colony. 
Technical difficulties had been largely 
overcome, forests had been cleared, 
swamps filled in and drained, and the 
mosquito driven out. Roads had been 
laid, modern houses and hospitals built, 
labourers had been transformed into 
skilled artisans, and thousands of 
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workers had attained a high standard 
of living. 

In 1919 crude oil production in 
Trinidad was under 2 million barrels; 
in 1949 it was over 20 million. In 1919 
the deepest wells on the Island were 
about 2000 feet: last year a record of 
over 12,000 feet was reached and seven 
wells were drilled to below 10,000 feet. 
Point-a-Pierre was hardly noticeable in 
1919: to-day its tanks and_ refinery 
towers spread as far as the eye could see. 
It was here that the new anti-knock 
agent ““Ramahdin™ had recently been 
developed. The oil industry provided 
direct employment for 16,000 Trini- 
dadians. 

The team to which all this was owed 
had been drawn from every branch of 
science and from practically every nation 
of the world. They were a versatile 
band. The geologist looked far back 
into time to elucidate the mysteries of 
the earths formation: the chemist and 
the engineer looked forward and up- 
wards in search for new worlds to 
conquer. 

The drilling men were a thing apart. 
To them nothing was impossible. They 
could start a well in the savannah and 


so control its direction that at 6000 feet 
it would tap leakages from finance 
committees sitting in the Red House. 
With some encouragement by way of 
rebates from the Excise Department 
they could proceed to completion at 
15,000 feet to tap seepages from the 
Rum Bond and produce another cele- 
brated calypso: 
When the Company strike the Rum Bond 
gusher 
Everybody got drunk, even the tool 
pusher. 

The toast to “The Guests’ was 
proposed by Mr E. G. C. Mardall, who 
said that although Trinidad was a small 
island it was large enough to prevent 
close contact between the centre of 
government and commerce in the north 
and the oil industry in the south. It 
was, therefore, a great pleasure to them 
all to meet old friends and to make 
new ones. 

He particularly welcomed H.E. The 
Governor; Dr F. Ryan, the Archbishop 
of Port-of-Spain; the Hon. H. Wilcox 
Wilson, Attorney-General; and Dr A. 
C. Thayssen; and all those guests whom 
he could not mention on account of 
shortage of time. 


x * 


PETROLEUM DISTRIBUTION AND 


MARKETING 


IN THE UNITED KINGDOM * 


By C. M. MERRICK (Member) * 


HISTORICAL SURVEY 

Up to 1918 

The period up to 1918 may be des- 
cribed as the pioneer period. At the 
turn of the century the paraffin lamp 
was by far the biggest user of petroleum 
products. Out of total petroleum 
imports approaching 1 million tons, 


* Summary of an address to the London 
Branch of the Institute of Petroleum, 
February 22, 1950. 

+ Shell-Mex & B.P. Ltd. 


over 80 per cent was imported as lamp 
oil, to supply a market that consisted 
of some 10 million oil lamps. The 
balance was mainly lubricating oils, for 
there were in 1900 only about 2000 
motor cars on British roads. 

Few could foresee the predominant 
place that motor spirit would occupy 
in the industry, although the editor of 
the Petroleum Review admitted in 1900 
that the car “might be very serviceable 
for trade and business purposes. In 
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fact (he added) it stands as the coming 
solution to the congested state of the 
traffic of London”! 

The next ten years were marked by a 
phenomenal increase in the number of 
vehicles on the road, until in 1910 there 
were over 50,000 private cars, 30,000 
goods vehicles, and some 25,000 taxis 
and motor buses. 

The building up of refuelling facilities 
for motorists grew rapidly in the years 
before 1914. Early in the century 
Carless, Capel, and Leonard (who 
invented the word “petrol’’) had ageuts 
throughout the country and very soon 
others had similar chains of agents. 
These were for the most part iron- 
mongers or cycle agents and only 
gradually did the wayside garage become 
predominant in the business of retailing 
motor spirit. Distribution was almost 
entirely by means of 2-gallon cans: the 
petrol pump did not appear until about 
1920. 

By 1910 the lamp oil era was waning, 
but other petroleum products were 
gaining in importance. Out of total 
imports of nearly 1,300,000 tons in 
1910, lamp oil accounted for less than 
40 per cent, motor spirit 14 per cent, 
lubricants 19 per cent, and gas oil—to 
enrich the coal gas that displaced lamp 
oil—17 per cent. The remaining 10 per 
cent was mainly fuel oil for marine 
bunkers. 

During the war of 1914-18, rapid 
develonment of the home market was 
checked by military demands. Even so 
the rate of civilian consumption of 
motor spirit was in 1915 about 370,000 
tons a year—roughly the same level as 
before the war. A rationing system was 
introduced in August 1916, and during 
the remaining two years of war the 
number of vehicles fell considerably. 
But the great strides in the use of petrol 
engines for war purposes on land and 
in the air made large numbers of men 
familiar with the internal combustion 
engine and its reliability. The capacity 
of British industry to manufacture 
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motor vehicles was also expanded and, 
when the fighting was over, it was not 
long before cheap cars and vehicles 
began to reach the civilian market. 

Even though the total U.K. consump- 
tion amounted to little more than two 
million tons at the end of the war, the 
stage was set for petroleum to rise to 
its present position. 


1919 to 1939 

The essential feature of the period 
from 1919 to 1939 was the changeover 
from ‘penny packet’? methods to bulk 
distribution. The industry began to 
foresee enormous development in the 
use of motor spirit for road transport 
purposes, with its attendant increase in 
the consumption of lubricants, and the 
possibilities for fuel oil, bitumen and, at 
a later stage, diesel fuel for road 
vehicles. 

It became clear that the most econ- 
omic method of handling these products 
was in the largest quantities possible 
up to the.time they reached the ultimate 
point of consumption. From this basic 
conception there developed logically the 
series of strategically placed seaboard 
installations feeding a network of depots 
all over the country from which bulk 
tank wagons could deliver by road to 
the retailer, or direct to the large user. 

The key to this development was the 
introduction of the kerbside pump, an 
innovation which by 1921 was gradually 
replacing the 2-gallon can. Two years 
later the number of dealer pumps had 
risen to 8,000; by 1938 there were nearly 
100,000 with a further 45,000 pumps in 
the hands of commercial consumers, and 
the motor spirit market as a whole had 
increased to 4? million tons. Diesel 
fuel for road vehicles, developing from 
1928 onwards, accounted for a further 
400,000 tons by 1938, when nearly 
3,100,000 vehicles in use. 

Bitumen was first marketed in 1910. 
The amount consumed in the United 
Kingdom in 1921 was well under 
100,000 tons, all imported in barrels, 
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but this had increased by 1938 to 
600,000 tons, of which nearly all was 
produced at U.K. refineries. The inland 
market for fuel oils equally made rapid 
strides and expanded from some 500,000 
tons in 1921 to 1,200,000 tons in 1938. 
Both these products required special 
adaptation of the principles of distri- 
bution then developing. 

At the end of the second period of 
development there was a market of some 
10 million tons for petroleum products 
(against little more than 2 million tons 
at the end of 1918) but in 1939 practice 
ally half consisted of motor spirit, and 
a very large part of the remainder of 
vaporizing oil, fuel oil, and bitumen, the 
last of which had hardly been heard of 
at all in 1918. There was also a distri- 
bution system which based its economy 
on the effective use of bulk deliveries by 
road and rail to either the dealers’ or 
the consumers’ storage tanks, in con- 
trast to the 2-gallon can of 1918. 


1939 to 1948—The Petroleum Board 

From a physical point of view, the 
biggest project undertaken during the 
Petroleum Board era was the pipeline 
system, mainly for handling aviation 
spirit. This was designed largely as an 
insurance against the closure of ports 
during the war, and does not make any 
serious contribution towards meeting 
the distribution problem to-day. 

From a marketing point of view this 
era left the effects, among other things, 
of two major developments. _ First 
motor spirit rationing, and second a 
much bigger fuel oil market, largely as a 
result of the coal to oil conversion 
campaign which the Government inau- 
gurated in 1946 when the shortage of 
coal was so acute. 

This period ended with a market 
amounting to 143 million tons, the 
motor spirit tonnage in which, in spite 
of rationing, was not far short of the 
1938 level, but with nearly 3 million 
tons more fuel oil and gas oil being 
consumed in the inland market. 


The Present Situation 

On July 1, 1948, the many separ- 
ate companies which had made up 
the Petroleum Board resumed _inde- 
pendent trading. As planned, they 
regulated their trading for the first 
twelve months in order to enable all 
companies to re-establish themselves as 
nearly as possible in the position which 
they held when they surrendered their 
businesses to the Petroleum Board on the 
outbreak of war. Since July 1, 1949, 
they have resumed competitive trading. 


THE CHAIN 
Supplies of finished petroleum pro- 
ducts are taken over by the distributing 
organizations at the ocean installation 
in the case of imported products or its 
equivalent for home-refined products. 


Ocean Installations 

The ocean installation is equipped to 
discharge deep sea tankers, and to store, 
blend, or redistribute products either 
into smaller ships, or into rail or road 
vehicles. There are ten ocean installa- 
tions around the coast and refineries in 
the United Kingdom also operate, in 
effect, as ocean installations so far as 
the distributive system is concerned. 

As a result of the U.K. system of 
taxation, ocean installations and re- 
fineries, and a number of other points, 
are classed as bonded stores, so that 
products can be freely handled within 
their confines but become subject to 
tax when moved further afield. 


Sub-Installations and Depots 

Most products distributed in the 
United Kingdom then pass through a 
secondary storage point—a_ sub- 
installation or an inland depot. A 
“sub-installation” can still be water 
fed, either by coastal vessel or by 
barge, but the term “depot” is generally 
applied to an inland storage point. 


TRANSPORTATION METHODS 
The movement of products between 
ocean installations and from ocean 
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installations to sub-installations is car- 
ried out by coasters, carrying from 300 
to 3,500 tons, or by barges of smaller 
capacity. Where water transportation 
is neither possible nor economic, trans- 
portation by land is by road or rail. 

The normal supply chain is varied 
according to the different product. 
Briefly as follows :— 


Motor Spirit and Derv Fuel 

Most deliveries to retail dealers and 
to commercial consumers are made 
through the inland depots, the average 
consignment probably being between 
300 and 350 gallons. 

Of the motor spirit trade, approxi- 
mately 65 per cent is with dealers and 
35 per cent with commercial consumers. 


Aviation Fuel 

By far the greater proportion of 
aviation spirit is delivered at airfields 
which are mainly supplied direct from 
an installation or sub-installation. The 
distributing companies provide depots 
on the airfields, manned by specially 
trained staff and equipped with vehicles 
especially designed to supply fuel 
directly to the aircraft. 


Kerosine 

The methods of handling the two 
types of kerosine—burning oil and 
vaporizing oil—contrast rather strongly. 
Sales of burning oil are mainly to two 
classes of customer and supplies are 
generally made through the depots. 
The first class comprises the retailer, 
generally an ironmonger or domestic 
stores, or a “hawker’’—the travelling 
shop on wheels. The second class is the 
commercial consumer requiring the oil 
for illumination or heating, and the 
farmer who requires it for incubators. 
The railways are large users of the higher 
quality burning oil for signal lamps. 

Vaporizing oil is used almost solely 
for tractors; and of these most are 
agricultural tractors, and most farmers 


now have. their own storage. 
signments are often comparable in size 
with loads of motor spirit. 


Con- 


Fuel Oil 

No intermediaries operate in the fuel 
oil trade and deliveries to fuel oil users 
are effected direct by the oil companies 
in their own (or hired) ‘transport, by 
road wagon, rail car, or barge. The 
major portion is delivered from the 
installations or sub-installations direct 
into the customers’ own storage and 
the depots do not generally handle it, 
although a number of inland distributing 
points (water- or rail-fed) are used for 
road deliveries to users in areas remote 
from installations and sub-installations. 
Certain grades of fuel oil need to be 
kept warm in order to retain “‘pumpa- 
bility,’—and steam-heated tanks and 
other equipment are necessary. 


Gas Oil 

Deliveries of gas oil for industry, 
although in many cases in smaller 
quantities, follow the same pattern as 
fuel oil, except that intermediaries are 
sometimes employed to meet the needs 
of small fishing boats, etc. Something 
like one-third of this trade, however, 
constitutes deliveries to gas works for 
water gas carburetting, and in a number 
of cases deliveries are effected in very 
large quantities, even in part-cargoes 
direct from overseas. 


Bunkers 

The greater part of the bunker 
deliveries to ocean-going vessels is 
handled by main installations, the oil 
being pumped into the vessel direct 
from the storage tanks, or lightered 
from the installation in special bunker- 
ing craft. 


Bitumen 

Owing to the fact that bitumen is 
produced at only a few refineries, it is 
mostly supplied direct from them to the 
purchaser. 
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Lubricants 


The supply of motor lubricants fol- 
lows the same main channels as the 
supply of motor spirit, namely through 
depots and dealers, while industrial and 
marine lubricants are delivered direct 
to consumers. 

A significant difference between the 
handling of lubricants and of other 
products is that, whereas the distri- 
butors receive the latter in a finished 
State ready for sale, they carry out 
considerable blending and packaging 
of lubricants at their own premises. 


THE TRANSPORT PROBLEM 

In adapting the standard distribution 
chain to meet the requirements of 
different products, the transport prob- 
lem is predominant. The task is 
constantly one of balancing the use of 
alternative methods in order to keep 
costs at a minimum, and this requires 
constant vigilance. 

A few comparative figures for the 
petroleum industry may be relevant and 
interesting. 

Fleet costs per ton-mile in 1938 were 
virtually only half of what they were in 
1928, due to improvement in the design 
of vehicles, more intensive operation, 
and the use of vehicles of greater 
capacity. In spite of the fail in money 
values in the period 1938-48, road 
vehicle operating costs are to-day well 
below the 1928 level, whereas rail 
charges were nearly 63 per cent higher 
in 1948 than they were in 1928. 

The importance of intensive operation 
of road vehicles is shown by the fact 
that the cost of running a heavy vehicle 
on the road is only 40 per cent more than 
the cost of keeping it completely idle 
for the same period of time. 


THE SALES FORCE 
Oil products, in varying degrees, call 
for specialized technical knowledge on 
the part of the sales representative. 
and in such fields as industrial and 
marine lubrication and fuel oil, the staff 


concerned includes men with qualifica- 
tions in engineering, chemistry, etc. who 
are able to consider technical problems 
in detail. There is a very close associa- 
tion between the petroleum distributors 
and the manufacturing interests and 
the development of new equipment is 
undertaken by the manufacturers only 
in close co-operation with the technical 
staffs of the petroleum industry. It is 
common practice for industrialists to 
consult experts of the oil industry at 
every stage of construction of new 
plant to ensure that lubrication is 
effective and is economically carried out. 

Marketing also extends to the sphere 
of ‘service after sale.” 


GOVERNMENT CONTROL 

Marketing at the present time is 
inevitably influenced by Government 
control, control which came into being 
with the outbreak of war and which, 
largely on account of the national 
financial situation and the country’s 
shortage of dollars, still continues. 


Rationing 

Motor spirit and derv fuel were sub- 
ject to direct rationing. Fuel oils were 
not rationed by coupon. A prospective 
new consumer of oil had to be author- 
ized by the Ministry of Fuel and Power 
to purchase certain specified quantities, 
the amounts being advised to all oil 
companies. The Ministry did not, 
however, control the use of fuel oils 
for diesel engines (other than those in 
road vehicles), marine craft, agricul- 
tural drivers, or for the manufacture of 
road materials. 

Although there are no restrictions 
on the use of burning kerosine or 
vaporizing oil for marine craft and 
agricultural purposes, supplies to other 
industrial and commercial users were 
restricted by reference to the quantities 
used in the previous year, and the 
consumption of burning oil for domes- 
tic purposes was governed by a priority 
scheme. 
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In order to investigate possible means 
of reducing the misuse of petrol granted 
to commercial users, a committee, 
under the chairmanship of Mr Russell 
Vick, K.C., was set up by the Ministry 
of Fuel and Power at the beginning of 
1948 and it was as a result of this 
committee’s recommendations that the 
scheme of dyeing commercial petrol 
red was introduced. 

This scheme added considerably to 
the operational problems of the oil 
companies and their depot staffs, but it 
was successful in dealing with the black 
market. 


Quality 

The companies are still not accorded 
anything like their pre-war freedom and 
are still distributing one standard 
quality of motor spirit representing, in 
terms of octane rating, something bet- 
ween the pre-war premier and non- 
premier grades. This limitation has 
repercussions on the efficiency of the 
engines which can be manufactured, and 
compression ratios cannot be increased 
until supplies of spirit of adequate anti- 
knock value are available for their 
operation. 

Government control is also exercised 
over the quality of other products, but 
late in 1949 freedom was given, as a re- 
sult of strong pressure from consumers, 
for a better grade of burning kerosine to 
be introduced, in order to permit the 
eficient working of incubators and 
domestic apparatus. 


Brands 

Before the war, in common with many 
other industries, petroleum distributors 
developed to a very high degree the 
practice of identifying products by 
brand names. 

Throughout the life of the Petroleum 
Board all petroleum products (except 
lubricants) were sold in the United 
Kingdom under the designation ‘*Pool”’ 
and at the request of the Government 
this arrangement was continued for a 
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further six months after the dissolution 
of the Petroleum Board. Since the 
beginning of 1949 the re-introduction of 
brands has been allowéd for aviation 
spirit, burning oi!, vaporizing oil, black 
oils and bitumen, but motor spirit 
continues to be sold by all companies as 
“Pool.” 


Contracts 

In its relations with its customers the 
petroleum distributive industry has 
naturally made extensive use of con- 
tracts in the past, but by the Control of 
Petroleum (Amendment) Order, 1948, 
the war-time regulation by which 
contracts for the disposal of petroleum 
products were limited to one month’s 
duration is still in force. In spite of 
repeated requests from the industry, 
the only relaxation which has, so far, 
been granted is that companies may 
enter into annual contracts for the 
supply of oil to meet aircraft and ships’ 
bunker requirements, provided that the 
contracts permit of cancellation at the 
end of each calendar quarter. 

The inability of the companies to 
make long-term contracts is irksome 
to the buyer and to the supplier alike. 


Prices 

Apart from ensuring its sources of 
supply and the adequacy of its opera- 
tional resources, the factor which 
figures most prominently in the outlook 
of a distributive organization is the 
price which it receives for its products. 
The price system applied to petroleum 
products in the United Kingdom is 
briefly as follows: 

(1) The company fixes a wholesale 
price for each product, which it usually 
calls its schedule price, and these whole- 
sale prices are basically charged both 
to retailers and to commercial con- 
sumers. 

(2) For motor spirit, white spirit, 
and most motor lubricants, the dealers © 
work to a fixed margin, and the retail 
price charged to the public is, therefore, 


| 
) 
: 
t 
4 
l : 
S 
r 
1 
S 
n 
d 
e 
e 
y 

|_| 


related directly to the wholesale price 
charged by the distributor. In the case 
of burning oil, the only other product 
handled in any quantity by dealers for 
re-sale, there is no such fixed margin and 
consequently variable prices are charged 
to the retail consumer reflecting the 
degree of service performed by the dealer. 

(3) In order to allow for the higher 
transportation charges on _ deliveries 
made to consumers some distance from 
the importing centres, zoning systems 
are applied to most of the major 
products. The simplest system of zoning 
applies to motor and aviation spirit, 
kerosine, and gas and fuel oils. Ex- 
cluding areas such as the Hebrides and 
Outer Islands, the country is divided into 
three main types of zone—the Inner 
Zones near the ports, which have the 
lowest prices, the Outer Zones, witha dif- 
ferential of }d per gallon above the Inner 
Zone prices, and the General Zones, 
with a differential of 3d per gallon. 

(4) The second variation on the basic 
schedule price arises from the applica- 
tion of rebate systems. These differ 
between products, but in the main 
take the form of the granting of rebates 
which vary in magnitude according to 
the annual quantity delivered to each 
individual buyer. 

(5) Lastly, many products are 
delivered in varying types of package 
as well as in bulk, and different prices 
are charged according to the method 
of delivery. 

During the war and in the subsequent 
years, the prices of nearly all petroleum 
products sold in the United Kingdom 
have been controlled by the Govern- 
ment. The system of control applied is 
one by which the Government lays down 
maximum wholesale prices for the 
products concerned (and in the case of 
motor spirit maximum retail price also); 
individual companies are then free to 
vary their prices, if they choose to do so, 
below the maximum. 

The situation to-day does not quite 
conform to this principle; when it was 
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necessary to increase prices October 
1949, the Government, while raising 
maximum prices to take full account of 
the devaluation of the pound which 
had taken place, asked the companies 
to fix lower actual selling prices, pending 
the result of certain discussions in 
regard to individual items in the price 
structure. 


The Advisory Committee and Oil 
Consumers’ Council 

Two bodies were set up at the request 
of the Government on the dissolution 
of the Petroleum Board, namely, the 
United Kingdom Petroleum Industry 
Advisory Committee and the Oil Con- 
sumers’ Council. 

The Advisory Committee consists of 
representatives of the companies distri- 
buting petroleum products the 
United Kingdom and it is an informal 
advisory and consultative body which 
serves as the link between the Govern- 
ment and the petroleum distributing 
trade as a whole. 

The Oil Consumers’ Council, which 
actually came into existence at the 
beginning of 1949, has a membership 
representing principally a wide range of 
oil consumers with also a_ limited 
representation of the oil industry. 


x * «* 


A.I.Chem.E. MEETING 

Forty-two papers will be presented 
at the annual meeting of the American 
Institute of Chemical Engineers to be 
held in Columbus, Ohio, from Decem- 
ber 3-6. 

In a symposium on phase equilibria, 
eight papers, covering a range of subjects 
from hydrocarbons to hydrazine-water 
mixtures, will be given. 

Among the general papers there will 
be a Bureau of Mines Report on liquid- 
phase hydrogenation of ccal at low 
pressures (1500 p.s.i.g.) and data on a 
new catalyst for dealkylation of aro- 
matic hydrocarbons. 
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FORTHCOMING MEETINGS 
INSTITUTE MEETINGS 


Stability of Mineral Oils in Toilet and 
Cosmetic Preparations. Dr. W. W. 
Myddleton. At 26 Portland Place, 
London, W.1, 5.30 p.m. (tea 5 p.m.), 
November 8. 

Spectroscopic Methods in Hydrocarbon 
Research. Papers by Spectroscopic 
Panel of Hydrocarbon Research Group, 
by J. G. Reynolds, by N. Sheppard and 
by W. C. Price. At 26 Portland Place, 
London, W.1, 5.30 p.m. (tea 5 p.m.), 
December 6. 


London Branch 

Petroleum in Industry II. Paint, Plastics 
and Rubber. A. J. Goodfellow. At 26 
Portland Place, London, W.1, 6 p.m. 
(tea 5.30 p.m.), November 20. 

Patents. J. T. Tyson, M.C., at 26 
Portland Place, London, W.1, 6 p.m. 
(tea 5.30 p.m.), December 20. 


Northern Branch 

Jet Engines. K. Hunt. At Engineers’ 
Club, Albert Square, Manchester, 6.30 
p.m., Nov. 21. 

Films. At Engineers’ Club, Albert 
Square, Manchester, 6.30 p.m., Decem- 
ber 6. 


Scottish Branch 

Films. At Edinburgh, November 2 
Distribution of Petroleum Products. At 
Glasgow, November 30. 


Stanlow Branch 

Carbon Black Manufacture. (With film.) 
L. W. Cabot, J. W. Edminster and C. 
A. Stokes. At Grosvenor Hotel, Ches- 
ter, 7.15 p.m., November 15. 

Scientific Film Show. Tatler Theatre, 
Chester, 2.30 p.m., Sunday, November 
26. 

Apparatus Symposium. Papers by J 
W. Drinkwater, by R. C. Robson, by 
A. J. Davies and by J. C. E. Butler. 
At Grosvenor Hotel, Chester, 7.15 
p.m., December 20. 


OTHER SOCIETIES 
Some Aspects of Semi-technical Scale 
Experimentation in Chemical Industry. 
Dr. R. Holroyd. Chemical Engineering 
Group. At Burlington House, London, 
W.1, 5.30 p.m., November 21. 
Royal Institute of Chemistry (London 
Fuel Aspects of Carbon Black Manu- 
facture. C. A. Stokes. Institute of 
Fuel. At Grand Hotel, Birmingham, 
6.30 p.m., December 6. 
Modern Trends in Spectroscopy. A. C. 
Menzies. At Royal Society of Arts, 
John Adam Street, London, W.C.2. 
2.30 p.m., December 13. 


STANLOW BRANCH'S FILM 
SHOW 

On Sunday, November 26, at 2.30 
p.m. the Stanlow Branch are holding a 
film show at the Tatler Theatre, Fore- 
gate Street, Chester. Programme as 
planned consists of seven short films: 
“Vital Service,” **The Cornish Engine” 
“As Old as the Hills”, “The Struggle 
for Oil”, “Refinery Processes—Parts 
1-4", “Roads Across Britain” and “‘New 
Detergents”. 

Admission is by ticket, which may be 
obtained from V. Biske, Lobitos Oil- 
fields, The Refinery, Ellesmere Port, 
Cheshire. The Branch are glad to 
welcome visitors. 
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APPOINTMENT VACANT 


YOUNG OIL MAN of good education 
wanted for administrative appointment in 
Office of Producing Company in Trinidad. 
Good commencing salary and prospects.” 
Company also requires qualified 
ACCOUNTANT aged 25-35, field experi- 
ence not essential, 

Applications, stating full particulars, age, 
experience, education and salary required, 
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MONSANTO CHEMICALS 
rem INDUSTRY 


FOR Botte LUBRICANTS 


SANTOLUBE 394-C 


Antioxidant — For oil ‘stability az 
high crank-case temperatures 


: SANTOLUBE 203-A 


Detergent — Ensures engine clean- 


fe freedom from piston ring 
SANTOPOUR-B 


Pour Point Depressant — Maintains 
oil fluidity at low temperatures 


ANTOLUBE-AR 


A rust inhibitor for turbine oils 


MONSANTO CHEMICALS LIMITED 


VICTORIA STATION HOUSE, LONDON, S.W.1 
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Exchange Equipment 


GAS-LIQUID HEAT EXCHANGERS 
Oil Pressure in Tubes 1,500 Ibs. per sq. in. 
Gas Pressure in Shell 1,500 Ibs. per sq. in. 


The Shells of these Units consist of hollow forgings, the covers 
for the Shell and Floating End and the Liquid Channel being of 
Cast Steel. 


The two Units form part of a battery of eight similar Units 
supplied to the Anglo-lranian Oil Co. Ltd., for service in the 
AGHA JARI Field. 


A. F. CRAIG 


American 
Associates: 
and Company Limited 
menita, Caledonia Engineering Works 
KANSAS 
PAISLEY SCOTLAND 
London Office: 727 Salisbury House, London Wall, E.C.2, Telephone: MONARCH 4756 
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PROGRESS 


IN PETROLEUM TESTING EQUIPMENT 


THE SHELL 


FOUR BALL TESTER 


FOR E.P. LUBRICANTS 


Every machine is 
approved by the 
Shell 
Laboratories 


Manufactured 
under Licencing 
Agreement with 
The Shell Group. 
before issue. 


FULL DETAILS FROM THE SOLE U.K. 
MANUFACTURERS 


STANHOPE ENGINEERING Co., Ltp. 


THE NAME WHICH REFLECTS QUALITY IN PETROLEUM 
TESTING EQUIPMENT 


CHAPTER ROAD, LONDON, N.W.2 


WILLESDEN 1142/3 
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CHIEF PRODUCTS. 


CONTACTOR STARTERS 


TOTALLY ENCLOSED 
UP TO 450 H.P AT 660 V 
UP TO 250 H.P. AT 3,300 V 
FLAMEPROOF 
UP TO 300 H.P. AT 660 V. 
UP TO 250 H.-P. AT 3,300 V. 


MINING SWITCHGEAR 


A COMPREHENSIVE RANGE OF 
CONTROL GEAR and ACCESSORIES 
FOR COAL-CUTTERS, CONVEYORS, 
LOADERS. DRILLS AND HAULAGE. 


OIL-BREAK SWITCHGEAR 


TOTALLY ENCLOSED 
UP TO 3,000 AMPS. AT 660 V. 
UP TO 400 AMPS. AT 3,300 V 


FLAMEPROOF 
UP TO 400 AMPS. AT 660 V. 
UP TO 400 AMPS. AT 3,300 V. 


SWITCH AND 
CONTROL GEAR 


SENTRY FUGUE 
CONTROL & PROTECTION 


FOR CONVEYORS 


@® SEQUENCE CONTROL 
IS PROVIDED BY ONE SENTRYFUGUE SWITCH DRIVEN BY THE 
BELT OF THE RECEIVING CONVEYOR AND CONTROLLING THE 
OPERATION OF THE DELIVERING CONVEYOR. 


@ BELT PROTECTION 
IS PROVIDED BY ONE SENTRYFUGUE SWITCH DRIVEN BY 


THE BELT OF THE CONVEYOR TO BE PROTECTED, IN CON- 
JUNCTION WITH. ONE SENTRYFUGUE RELAY WHICH 
CONTROLS THE CONVEYOR STARTER 

PATENT APPLIED FOR PAMPHLET R72/1 ON REQUEST. 


M.aC. SWITCHGEAR 


KIRKINTILLOCH, 


GLASGOW. 
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Telephone: Telegraphic Address: 
Clerkenwell 2908 “Gasthermo, Barb, London’’ 


The mark of precision and efficiency 
BRITISH MADE THROUGHOUT 


B. BLACK & SON, LTD. 


180 Goswell Road, London, E.C.| 


_ MANUFACTURERS OF 
LABORATORY THERMOMETERS 


Fluid-in-Glass Thermometers graduated on stem, for determining tem- 
peratures between — 200/-- 550 C. with an accuracy, corrections and permanency 
well within the limits permissible to obtain N.P.L. Certificates. 

The filling in the etchings is heat resisting and is insoluble in all solvents 
with the exception of those that attack the glass itself. 


MAKERS OF THERMOMETERS TO ALL 
SPECIFICATIONS FOR PETROLEUM TESTS 


VOLUMETERS FOR OIL, PETROL 
AND OTHER PETROLEUM PRODUCTS 


BALANCED gh APPROVED BY 
PERFORMANCE ell THE BOARD OF 
RUGGED @ TRADE (Standards 


CONSTRUCTION 


Department) 


LORS LIMITE, 


BELLE ISLE 
ESTABLISHED 1777 LONDON, N.7 


"PHONE: NORTH 1625 
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In many cases the 
client's knowledge of 
the details of a specific 
problem, plus Badger’s 
ability to engineer and 
construct facilities to pro - 
duce the desired results, 
form an ideal team. 


i PROCESS ENGINEERS and CONSTRUCTORS FOR THE PETROLEUM, CHEMICAL and PETRO-CHEMICAL INDUSTRIES 


CCoMPLEMENTARY 
TEAMWORK. 


Aclient contemplating new construction 
frequently knows the fundamental 
process scheme. The client’s know- 
ledge of his basic process is then com- 
plemented by Badger’s broad ex- 
perience in the design and efficient 
construction of plants using simiilar 
types of processes in allied industries. 
This teamwork has produced plants 
giving maximum dependability of 
operation with minimum operating 
costs. It may represent the approach 


to your next project. 


& SONS (GREAT ari 


| 
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To I.P. A.S.T.M., S.T.P.T.C., B.S.S. 
specifications. N. P.L. and works 
certified, 


Supreme for 
Quality and 
Accuracy. 


Laboratory Glassware 
and Chemical Thermo- 
meters, including the . 
outstanding E-Mil 
Green Differ: 
Line 
ential (Beckmann Type) FF 
Thermometer (patents . 
pending). 
“36th Year of E-Mil Service’ 


H. J. ELLIOTT LTD. 


Head Office and Works : E-MIL WORKS, TREFOREST TRADING ESTATE, nr. PONTYPRIDD, GLAM. 
Tel.: Taffs Well 278 (3 lines). Telegrams: *‘Glass”’, Pontypridd. 
London Regional Office: Tel. Clerkenwell 7276/7. 


available from STOCK 
CROW RECEIVERS 


Unstoppered B.S.S. No. 605, 100 ml. capacity a, 


ASS 
CIENTIFIC SUPPLIES @ 170. 


ESTABLISHED 1917 


SCIENTIFIC HOUSE, VINE HILL, CLERKENWELL RD., LONDON, E.C.! 
Telephones: TERminus 2468, 2469, 3040 


Richmond Hill Printing Works, Ltd., Bournemouth 
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FOR 
30 YEARS 
WE HAVE 
SERVED THE 
OIL TRADE 
EXCLUSIVELY. 


ECLIPSOL OIL CO. LTD. 


WHOLESALE MANUFACTURERS AND BLENDERS 
ROEBUCK LANE, WEST BROMWICH 


PHONE : GRAMS: 
WEST BROMWICH 0431-2-3-4 SOLUBLE, WEST BROMWICH 
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THE | Metal Containeis PAW 


With its hermetic, liquid- 
tight closure and reduced 
bottomforeaseof stacking 
the Metal Containers Pail 
can in addition be equip- 
ped with standard fittings 
such as a press-cap to be 
used when packing liquids. 
Capacity range at present : 
is 2, 3, 4 and 5 gallons. ss 


PRIOR TO 


CLOSING 


DIE-CURLED 
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METAL CONTAINERS LTD.. 17 WATERLOO PLACE, PALL MALL, LONDON 
WORKS: ELLESMERE PORT & RENFREW. ASSOCIATED COMPANIES OVERSEAS 
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